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Chestnut trees are under attack



thousand of microscopic spores can be produced  and 

survive in the soil for many years



The organism then grows into the plant tissue itself



causing…..

thinning of the crown

Black exudate

Flame shaped 

dark necrosis

dieback



Portugal in 

1838

History



Spain since 1726 

History



Since it was first

recorded in Portugal

in 1838, it has become

widespread in Europe

on sweet chestnut (C.

sativa), and in the USA

on American chestnut

(C. dentata) and other

chestnut species

History



Because of the devastating epidemic 

of chestnut galls induced by 

Dryocosmus kuriphilus and

chestnut blight

caused by Cryphonectria parasitica in 

the 20th century

in Europe and the USA, less attention 

has been paid in

recent decades to ink disease 



Never stopped to spread dramatically, 

apparently from infection

foci, in most chestnut-growing areas 

Is ink disease still an important threat ?
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Phytophthoras associated to chestnut areas 
affected by ink disease

PDA morphology of Phytophthora species isolated: a) P. cactorum; b) P. cambivora; c) P. 

cinnamomi; d) P. cryptogea; e) P. gonapodyides, f) P. megasperma; g) P. nicotianae; h) 

P. plurivora; i) P. pseudosyringae; l) P. sansomeana; m) P. syrinage. 



Phytophthora cryptogea causing ink disease of Castanea sativa

Perlerou et al 2010



Two species of

Phytophthora

were shown to be

responsible for the

disease in Europe

and the USA:

-P. cambivora

-P. cinnamomi



Predisposing factors

it is not possible to single out one factor as being responsible for the 

development of chestnut ink disease

- Factors that debilitate the trees and 

reduce their capacity to recover from 

damage, such as 

o restrictions to root expansion,

o poor soil fertility,

o low aeration 

o soil disturbance by tillage 

o clay layers

o hardpans

- Host susceptibility

- Higher human mobility (Martins et al. 

2007, Vettraino et al, 2009)

are associated with the occurrence of ink disease



A negative effect of soil 

compaction

In presence of manuring, a 

rising probability of disease 

occurrence as the organic  

matter content increases



Close relationship between n° of tillage 
operations (soil compaction) and incidence of 

the disease

Disease 

spreading

reduces 

soil 

drainage

Trees 

susceptibility to 

root rotting 

fungi

restricts 

root 

growth 

sporangia

formation and 

zoospore 

release 

reduces 

air 

aeration declines the presence of 

ectomycorrhizal fungi ( barrier against 

Phytophthora infection)

Brasier et al, 1996; Rhoades et al, 2003; 



Topographical position

The severity of the disease is 

greater on

• lowland groves 

• foot-slope o valleys than in the 

mid-slope soils (Moreira & 

Martins, 2005

• south-facing stands (Martins, 

Oliveira & Abreu, 1999)

• areas close to road or natural 

drainages (Vannini et al, 2001, 

2014) 



Host susceptibility

Robin et al, 2006

Miranda-Fontaíña et al, 2007



Control strategies

No effective defence is currently available against the ink disease, 

although encouraging perspectives are offered by some control 

measurements

An integrated approach may combine different 

strategies ( e.g biological control, management 

of superficial water flows, chemicals)



Biological control

Antagonistic microorganisms

Chamber & Scott, 1995

Turchetti & Maresi, 2005

Brasier ,1971

Costa et al, 2000

Aryantha et al, 2000

Bourbos et al, 2000

Pugeg et al., 2006

Chambers, 1995

Khan et al, 2004

Brasier ,1975

evaluated in vitro or in pots

ectomycorrhizal fungi

Vrot & grente, 1985

Branzanti et al, 1994

Branzanti et al, 1999



Turchetti et al, 2000

Turchetti et al, 2003

Aryantha et al, 2006

You et al, 1996

Muryati et al, 2009

Biological control

Manure compost

Núñez-Zofío et al., 2012

Morales-Rodríguez, 2015

Rios et al, 2013
Chemicals (Fosetyl Al, metalaxyl, or 

etridiazol

Biofumigation



Phosphite

Gentile et al., 2009

Gouveia et al, 2009

Vettraino et al., 2010

Vettraino et al., 2009

Dal Maso & Montecchio, 2014

The mode of action of phosphite involve inducing 

strong and rapid defense responses in plants 

infected by P. cinnamomi

management of superficial water flows and 

rural roads by channelling water in a drainage 

net within the fields 

injection of 

potassium 

phosphonate water 

solution in trunks



control through breeding with resistant species

Since the 1950s, breeding programs with the European and Japanese chestnut 

were established in Portugal, France, and Spain to obtain hybrids tolerant to ink 

disease, while maintaining fruit production and quality traits to satisfy 

commercial demands

(Salesses et al., 1993; Martins et al. 2009; Ramos Guedes-Lafargue et al., 2005; Soylu & Mert, 2009)



identification of genes and gene network candidates 
for host resistance for resistance breeding



Assessment of the spread of ink disease using

Martins et al, 2001

Martins et al, 2007

Vannini et al, 2001

Martins et al, 2004

o remote sensing and geostatistical

methods

o Assessing zoospores activity

o composition of the 

ectomycorrhizal community

Gouveia & Luis, 2013

Scattolin et al, 2012

Vannini et al, 2014



Risk:

low

middle

high

Road

Stream

Risk map using 

landscape and 

environmental

variables as

predictors

Promote ecological surveillance -modelling the 
probability of ink disease

Dal Maso & Montecchio, 2015; Vannini et al, 2014



P. cinnamomi has 

never been 

detected in sites 

characterised by 

• soil pH below 

5.4

• minimum 

temperatures 

below 1.4 °C,

• maximum 

temperature 

above 28 °C

P. cinnamomi: a new 

warming



2014

2009
2015

200

8

2013

5 new records  in 

the last 7 years



P. cinnamomi invasion in the next years under 
climate change scenarios

modeling studies considering temperature

effects on Pc range in Europe suggest the

potential for considerable expansion in

warming climates

(Brasier & Scott, 1994; Bergot et al., 2004)

suggesting that projections of future pathogen dynamics and ranges should 

account for multiple pathways of climate–pathogen interaction



Perspectives

The improvement in the management of ink 
disease needs a better understanding of the 
ecological dynamic of the chestnut ecosystems. 
A holistic approach that includes all the factors 
involved in chestnut tree ecology is 
indispensable in planning the management of 
these ecosystems and in undertaking the best 
measures of conservation and improvement 



We will not eradicate the disease but we must learn how to 

live with it and keep it under control 


